Ledebouria revoluta (Hyacinthaceae: Hyacinthoideae), used widely as an ethnomedicinal in southern Africa, has been characterised phytochemically for the first time. Four homoisoflavanones (3-benzyl-4-chromanones) were isolated from the bulbs and their absolute configuration at C-3 determined using CD spectroscopy. The chemotaxonomic and ethnopharmacological significance of the presence of 3-benzyl-4-chromanones is discussed.
Introduction
In considering a narrow view of the genus Ledebouria Roth (one which excludes Drimiopsis Lindl. & Paxton and Resnova Van der Merwe), approximately 33 species are native to South Africa (Venter, 1993) . The most widespread of these is Ledebouria revoluta (L.f.) Jessop (syn. Scilla revoluta (L.f.) Bak.; Scilla lancaefolia (Jacq.) Bak.), a highly polymorphic species that is evidently tolerant of broad-ranging edaphic conditions (Venter, 1993) . Plants of this taxon may be found growing singly in grasslands, although they are most usually encountered in woodland situations. At an infrageneric level, Venter (1993) placed L. revoluta in section Magnibulbae S. Venter together with L. floribunda (Bak.) Jessop, L. hypoxidioides (Schönl.) Jessop and Scilla zebrina Bak. [When the genus Ledebouria Roth was formally resurrected from Scilla L., S. zebrina was simultaneously synonymised under L. floribunda (Bak.) Jessop (Jessop, 1970) . Although Venter (1993) later recognized L. floribunda and S. zebrina to be distinct, the formal restitution of this latter species has not yet been made. Accordingly, we here refer to S. zebrina by its basionym]. Although actual uses for S. zebrina have not been recorded, this species is known from a Durban ethnomedicinal plant market (Crouch 838, NH) where it has likely long been traded, but confused with the similar-looking and closely-related L. revoluta.
L. revoluta is known as bookhoè or boakhoè to the Southern Sotho, who use it as a charm to drive away lightning and, excepting cases involving pregnant women, to treat lumbago (Phillips, 1917) . In the treatment of gall-sickness in stock by the Xhosa (who know the species as inqwebebana) Smith (1895) related how decoctions of leaves but not the bulb are employed. The Kwena and Tswana apply plant preparations topically to treat sores, wounds and skin eruptions, whilst this latter group further use the bulb as a local irritant (Watt and Breyer-Brandwijk, 1962) .
Although L. revoluta has been suspected of causing mortality in sheep and cattle, Phillips (1926) reported that test animals drenched with a decoction recovered after first watering at the eyes, and developing a slight cough and reddening of mucous membranes. Feeding experiments with rabbits at Onderstepoort using fresh leaves, bulbs and flowers sourced near Klipdam produced a negative result (Steyn, 1932) . Despite this, Gunn et al. (1925) , in a series of amphibian and mammalian test subjects, had earlier determined digitalis-like activity in bulb (Krenn et al., 1996; Pohl et al., 2000) . L. revoluta has not earlier been characterised phytochemically, although Watt and Breyer-Brandwijk (1962) recorded that bulbs possess an unidentified haemolytic sapogenin. The current investigation aimed to chemically profile a widespread and variably used ethnomedicinal plant whose pharmacology and traditional usage profile largely indicates the presence of bufadienolide glycosides rather than the homoisoflavanones so typical of Ledebouria.
Materials and methods

Plant material
Bulbs (0.6 kg) of a mesic form of L. revoluta (L.f.) Jessop were collected from Long Tom Pass, Mpumalanga, and a flowering voucher (N. Crouch 853, NU) lodged for verification purposes.
Extraction and fractionation
The bulbs were dried, finely chopped and extracted successively with dichloromethane and methanol by agitation on a Labcon Mechanical shaker at 140 rpm for 48 h. The extracts obtained were then filtered and the solvent removed under reduced pressure, to give a dichloromethane extract (5 g) and a methanol extract (15 g). Column chromatography over silica gel (Merck 9385) was then employed to effect the separation of the compounds. The dichloromethane extract was loaded onto a 5 cm diameter column and eluted with a step gradient solvent system collecting 50 ml fractions at a time (100% dichloromethane fractions 1-20; 5% ethyl acetate in dichloromethane fractions 21-40; 10% ethyl acetate in dichloromethane fractions 41-60; 20% ethyl acetate in dichloromethane fractions 61-80; 40% ethyl acetate in dichloromethane fractions 81-100; 100% ethyl acetate in dichloromethane fractions 101-120). Purification of fractions 7-12 using a 20% ethyl acetate in hexane solvent system afforded compound 1 at a yield of 0.3% (15.7 mg). Purification of fractions 39-43 using a 30% ethyl acetate in dichloromethane solvent system afforded compound 2 at a yield of 0.7% (32.5 mg) and compound 4, at a yield of 0.3% (15.0 mg). Purification of fractions 82-89 using a 40% ethyl acetate in hexane solvent system afforded compound 3 at a yield of 1% (50.3 mg).
Structure determinations
IR spectra were recorded with a Nicolet Impact 400 D spectrometer on sodium chloride plates and calibrated against an air background. GC-MS low-resolution mass spectra were recorded on an Agilent MS 5973 instrument connected to a GC 6890.
1 H and 13 C NMR spectra were recorded on a Varian Unity Inova 400 MHz spectrometer. CD data were recorded in methanol (ca. 1 mg 10 ml − 1 methanol) on a JASCO J-715 spectrometer, with the following scan parameters: bandwidth (2.0 nm), sensitivity (10 mdeg), response (4 s), scan speed (50 nm min − 1 ), and step resolution (0.1 nm). Compound structures were elucidated following the comparison of NMR and other physical data obtained against literature values as referenced below. Compound 1 was identified as (3R)-5,7-dihydroxy-3-(4′-methoxybenzyl)-4-chromanone (Heller et al., 1976; Heller and Tamm, 1981) , compound 2 as (3R)-5,7-dihydroxy-3-(4′-hydroxybenzyl)-4-chromanone (Adinolfi et al., 1985; Adinolfi et al., 1986) , compound 3 as (3R)-5-hydroxy-7,8-dimethoxy-3-(4′-hydroxybenzyl)-4-chromanone (Adinolfi et al., 1984) and compound 4 as (3R)-5,7-dihydroxy-8-methoxy-3-(4′-hydroxybenzyl)-4-chromanone (Finckh and Tamm, 1970) . The R absolute configuration at C-3 of all four Fig. 1 . Homoisoflavanones isolated from Ledebouria revoluta.
compounds was deduced using the negative sign of the Cotton effect of the n→π ⁎ electronic transition in the 290 nm region of their Circular Dichroism (CD) spectra.
Results and discussion
Four known homoisoflavanoids (3-benzyl-4-chromanones) (Fig. 1) were isolated from the bulbs of L. revoluta. Conspicuously, no bufadienolides were isolated, nor were traces of bufadienolides detected in 1 H NMR spectra of the crude dichloromethane and methanol extracts. The absolute Rconfiguration at C-3 of all four isolates accorded with findings by Adinolfi et al. (1988) for related compounds. These authors established the C-3 absolute configuration of homoisoflavanones isolated from Muscari Miller species by applying the chiral exciton coupling method to the 4,5-dibenzoates of homoisoflavan-4-ols generated by reduction of the C-4 carbonyl functionality. Compound 1 was identified as (3R)-5,7-dihydroxy-3-(4′-methoxybenzyl)-4-chromanone previously isolated from Eucomis bicolor Bak. (Heller et al., 1976; Heller and Tamm, 1981) , Ledebouria graminifolia (Bak.) Jessop (Mutanyatta et al., 2003) , Eucomis montana Compton and Resnova humifusa (Bak.) U. and D.M.-D. (Koorbanally et al., 2006a) . Compound 2 was identified as (3R)-5,7-dihydroxy-(4′-hydroxybenzyl)-4-chromanone previously isolated from Ledebouria ovatifolia (Bak.) Jessop (Pohl et al., 2001) , L. graminifolia (Mutanyatta et al., 2003) , Drimiopsis maculata Lindl. and Paxt. (Koorbanally et al., 2006b) , Muscari comosum (L.) Miller (Adinolfi et al., 1985; Adinolfi et al., 1986) , E. montana and R. humifusa (Koorbanally et al., 2006a) . Compound 3 was identified as (3R)-5-hydroxy-7,8-dimethoxy-(4′-hydroxybenzyl)-4-chromanone, previously isolated from Ledebouria cooperi (Hook. f.) Jessop (Pohl et al., 2001 ), E. montana, R. humifusa (Koorbanally et al., 2006a) , D. maculata (Koorbanally et al., 2006b ) and M. comosum (Adinolfi et al., 1984) . Compound 4 was identified as (3R)-5,7-dihydroxy-8-methoxy-(4′-hydroxybenzyl)-4-chromanone previously isolated from Eucomis comosa (Houtt.) Wehrh. (Finckh and Tamm, 1970) and Eucomis pallidiflora Bak. subsp. pole-evansii (N.E.Br.) Reyneke ex J.C. Manning (Koorbanally et al., in press-a) .
The finding of homoisoflavanones in L. revoluta is consistent with chemotaxonomic expectations for both the genus Ledebouria (Pohl et al., 2001 ) and the subfamily Hyacinthoideae (Pohl et al., 2000) to which it has been assigned. On the basis of the reported ethnomedicinal profile of this species, bufadienolides would reasonably be expected as constituents. These were, however, not detected, indicating the potential for homoisoflavanones to have broader bioactivities than the antiinflammatory action so far attributed to them (Della Logia et al., 1989) . Whilst such anti-inflammatory activity could account for the use of L. revoluta to treat lumbago (Phillips, 1917) or wounds (Watt and Breyer-Brandwijk, 1962) , it would not explain its application as a diuretic or irritant. Although a Ledebouria-sourced 3-benzyl-4-chromanone has recently been shown to possess primary cytotoxic and antiproliferative activity against human tumour cell lines (Mutanyatta et al., 2003) , this new-found activity area would not adequately account for other documented usage patterns.
Chemotaxonomic exceptions within the Hyacinthaceae have recently been documented (Krenn et al., 2004; Mulholland et al., 2004; Koorbanally et al., 2005) . However, no bufadienolides have previously been isolated from the Hyacinthoideae, consistent with this report. All four isolates are 3-benzyl-4-chromanones, seemingly indicating potential taxonomic value of this sub-class in systematising at least Ledebouria and close allies. However, these compounds are distributed more widely in both tribes Massonieae (e.g. Eucomis L'Hérit.) and Hyacintheae (e.g. Muscari) of the Hyacinthoideae (Pohl et al., 2000) , so limiting their value as taxonomic markers.
